1 Each thioamino acid precursor used in these studies has been previously synthesized and characterized.
1, 2
Synthesis of Thioamide Containing Peptides for NCL
SPPS of monothioamide and dithioamide peptides was performed on 2-chlorotrityl resin (100-200 mesh) in 10 mL reaction vessels. The reaction scale was 50 μmol for monothioamide peptides and 100 μmol for dithioamide peptides. The resin was swelled in DMF (6 mL, 1 hour) while stirring. The vessel was then drained and to it was added the first amino acid (Fmoc-Lys(Boc)-OH; 5 equivalents) and DIPEA (10 equivalents) in DMF (4 mL). This initial loading reaction stirred for 45 minutes at room temperature (RT) before being drained, washed with DMF (2 x 4 mL) and repeated. Fmoc removal prior to thioamide couplings was performed by adding to the resin a solution of 20 % v/v piperidine in DMF (5 mL total volume) and stirring for 20 minutes at RT. The vessel was then drained and the resin washed with DMF, followed by DCM (2 x 4 mL DMF, 2 x 4 mL DCM, then 4 mL DMF). The peptide was then elongated up to the thioamide position using standard SPPS protocols by adding 5 equivalents of amino acid and HBTU, and 10 equivalents of DIPEA in DMF (4 mL) and stirring each coupling for 45 minutes at RT. For thioamide couplings, each Fmoc-Aa S -NBt (3 equivalents) precursor was added to the vessel with DIPEA (2 equivalents) in DCM (2 mL) and the reaction was stirred at RT for 30 minutes.
The vessel was then drained and the resin washed with dry DCM (2 x 4 mL) before the thioamide coupling was repeated. At completion of the second coupling, the resin was washed with DCM then DMF (2 x 4 mL) and Fmoc deprotection proceeded by adding to the resin a 2 % v/v DBU in DMF solution (2 mL total volume). This DBU deprotection reaction was stirred for 2 minutes at RT. Then, the vessel was drained and the resin washed with DMF and DCM (2 x 4 mL DMF, 2 x 4 mL DCM, then 4 mL DMF). This procedure was repeated twice more before proceeding to the next amino acid coupling reaction. All subsequent Fmoc deprotections were performed using this DBU method.
Standard SPPS was used to add the remaining oxo amino acids, and in the case of the dithiopeptides, the second thioamino acid coupling was done as described above. After the last Fmoc group was removed, the resin was washed with DMF, followed by DCM (2 x 4 mL each). A cleavage cocktail was prepared with 24:16:1:1:1 DCM:TFA:TIPS:EDT:Thioanisole (total volume of 4.3 mL). This was added to the resin and allowed to stir at RT for 1 hour before being drained and collected. DCM (6 mL) was added to the resin to wash out any remaining peptide and the collected solution was dried to a colorless oil (or yellow oil in the case of Tyr S containing peptides) by rotary evaporation. The crude peptide product was then precipitated by adding cold diethyl ether (20 mL) and vortexing vigorously. The resulting precipitate was dried and stored under argon at -20 °C until HPLC analysis proceeded.
HPLC Purification of Thiopeptides
Monothioamide peptides were purified as previously described by Walters et al. 2 Dithioamide crude peptide samples were dissolved in 40 % acetonitrile in Milli-Q H2O with 0.1 % TFA (10 mL final volume). 5 μL of a 0.5 M solution of TCEP Bond Breaker™ was added to each sample to reduce any Cys disulfides that formed during deprotection and the sample was filtered through a 0.22 μm filter. HPLC purification was performed using a Grace VyDac C18 Preparatory column (flow rate of 12 mL/min) and the gradients listed in Table S1 . Collected fractions were analyzed by MALDI-MS for the presence of the desired dithiopeptide mass (see Table S2 ). Additionally, MALDI-TOF tandem MS/MS fragmentation experiments and corresponding analysis was performed on each of the dithiopeptides to verify that both thioamides were intact. To ensure that the dithioamides are stable and unmodified during the entire purification and capping process, a trypsin digestion was performed on holo CaM- Table S5 ). 2 and CD spectra were acquired on samples with a final concentration between 10 and 15 μM (as determined by BCA assay).
Cys
Each holo spectrum and thermal melt was acquired as a single sample and apo spectra and thermal melt acquisition were performed in duplicate. Each sample (300 μL) was to molar residue ellipticity (θMRE) using
where c is the concentration (M), is the path length (1 mm), and $ is the number of residues in the protein.
Fitting was performed via a three-state fit method as previously described. Representative traces of the raw data and fits, as well as the fractional population analysis, can be seen in Figures S4-S8 . The fitted parameters are summarized in Table   S6 . 
Structural Anaylsis of Thioamide Effects
Our analysis of thioamide thermostability effects in CaM focuses on structures of the apo protein from Rattus norvegicus (crystal, PDB entry 1QX5) and Xenopus laevis (NMR, PDB entry 1CFD). 4, 5 It should be noted that crystal packing in the 1QX5 structure gives rise to non-native intermolecular interactions, but these are analogous to intramolecular interactions observed in the NMR structure (see Fig. S9 ). Distance parameters for the thioamide substitutions studied here are reported in Table S7 . The register of the C-terminal helix is slightly different in 1QX5 and 1CFD, due to an alteration of the hydrogen bonding partner for the Asn137 sidechain. The 1CFD helical register leads to a very short hydrogen bonding distance for the carbonyl of Tyr138, which is disrupted by thioamide substitution. We hypothesize that thioamide substitution at Val136 and Tyr138 leads to a 1QX5-like conformation wherein strong N-H hydrogen bond donation from 
Peptide Binding Assays
All protein and peptides were dissolved in 15 mM HEPES, 140 mM KCl, 6 mM CaCl2 pH 6.70 and centrifuged at 13,200 rpm on a tabletop centrifuge for 10 min at 4 °C to remove any insoluble aggregates. Concentrations of each of the CaM mutants were determined using the FluoroProfile ® Protein Quantification Kit by Sigma Aldrich, using a series of WT CaM dilutions as a standard. W-pOCNC concentration was determine by absorbance spectroscopy based on the previously published extinction coefficient
). 6 The W-pOCNC concentration was 1 μM in each sample, with CaM protein concentrations of either 0.5 or 2 μM. Samples were prepared and briefly vortexed prior to measurements. Spectra were acquired via excitation at 295 nm and emission collection over 305-450 nm with all slit widths set to 5 nm with an integration time of 0.25 seconds for each 1 nm step. Measurements were taken in triplicate.
Fitting Fluorescence Data
Fluorescence emission spectra were fit using the same method as previously Table S7 . 
Distances Between W-pOCNC Trp and Thioamide
Distances were extracted from NMR structural models (PDB 1SY9) of CaM bound to pOCNC for comparison to the quenching efficiency of each thioamide substitution. The average distances from the twenty structural models were computed for each position using Biopython and are reported in Table S8 . Distances were measured between the amide carbon of the thioamide containing residue and the beta-carbon of the third residue of the bound peptide which is Phe. 
